Theoretical analysis of interaction of stochastic electromagnetic beamlike fields with positive-and negativephase materials suggests that suitable combinations of such materials can serve as media where spectral, coherence, and polarization properties of beams can self-reconstruct.
Remarkable properties of electromagnetic radiation on interaction with negative-phase materials [NPM] as opposed to positive-phase materials [PPM] were theoretically predicted many years ago [1] . The history, recent advancements, and subtleties relating to this subject can be found in an excellent review [2] . PPM and NPM materials are defined as those in which sk Ͼ 0 and sk Ͻ 0, respectively, s being the Poynting vector and k being the wave vector of the electromagnetic field [1] . NPM materials were recently successfully experimentally realized at microwave frequencies [3] , and the procedures were suggested for such realization in the optical frequency range [4] . The experimental work is also currently being done for achieving isotropy of the materials (cf. [5] ). These developments carry a significant potential for wave propagation, as demonstrated, for example, in [6] . However, most of the theoretical work on wave interaction with NPM materials involved plane-wave propagation, with few exceptions (c.f. [7] ) where propagation of a TEM 00 Gaussian beam in a slab of an NPM material was treated.
On the other hand, extensive theoretical and experimental work had been recently carried out on interaction of stochastic electromagnetic beamlike fields, i.e., beams with arbitrary spectral, coherence, and polarization properties, with deterministic linear media with prescribed distribution of the refractive index, for instance, free space [8, 9] , media with gain/ absorption [10] , gradient-index fibers [11] , ABCD imaging systems [12] , non-image-forming devices of polarization optics [13] , etc. The most interesting results of these studies are related to changes in spectral, coherence, and polarization properties of light that depend on both source correlations and distribution of the refractive index along the propagation path of the beam. However, the behavior of stochastic electromagnetic beams in NPM media has not been studied so far (to our knowledge).
The purpose of this Letter is twofold. We will first develop a theoretical framework for propagation of stochastic electromagnetic beams in arbitrary combinations of PPM and NPM. Then we will demonstrate how the properties of such beams may be reconstructed in slabs formed by suitable combinations of PPM and NPM.
We begin by establishing the law governing propagation of a stochastic electromagnetic beam in an arbitrary combination of PPM and NPM. Suppose the beam is generated in the source plane ͑x , y , z =0͒ and propagates close to the positive z direction into halfspace z Ͼ 0 filled with PPM, NPM, or their layers, all confined within planes transverse to the direction of propagation of the beam, altogether characterized by an ABCD matrix [14] . The laws for propagation of the transverse electromagnetic field components E ␣ , ␣ = x , y of a deterministic beamlike field through the optical system characterized by an ABCD matrix were established [15] . The generalization of these laws for the stochastic electromagnetic beam can be easily obtained by taking correlations of the electric field components and forming the cross-spectral density matrix W with elements W ␣␤ ͑x 1 , y 1 , x 2 , y 2 , z ; ͒ = ͗E ␣ * ͑x 1 , y 1 , z ; ͒E ␤ ͑x 2 , y 2 , z ; ͒͘, where * denotes the complex conjugate and ͗ ͘ stand for ensemble average [16] . Hence one obtains (see also [10] )
͑1͒
Here ͑␣ , ␤ = x , y͒, W ␣␤ ͑0͒ and W ␣␤ are the cross-spectral density matrices of the beam in the source plane and at distance z from the source, respectively; A, B, C, and D are the elements of the ABCD transfer matrix; and K = K r + iK i is the wave number in the medium such that K r = kn, k being the wave number in free space, n being the refractive index, and K i is the pa-rameter characterizing gain ͑K i Ͼ 0͒ or absorption ͑K i Ͻ 0͒.
As a model for the source we will use the electromagnetic Gaussian Schell-model source [16] , for which the cross-spectral density matrix has the form
where the values of all the parameters must obey the realizability and beam conditions [16] . On substituting from Eq. (2) into Eq. (1) and performing the integrations one obtains (see also [10] )
. ͑4͒
We will now adopt the general expressions listed above for several specific combinations of PPM and NPM layers. In what follows ABCD matrices of two types will be used: for propagation in a medium at distance l,
and for interaction with a boundary between media with indexes of refraction n 1 (from which the wave is incident) and n 2 ,
͑6͒
With the help of these two basic matrices and matrix multiplication the ABCD matrices that characterize any combinations of PPM and NPM can be readily evaluated. We will be interested in the following combinations of the layers: 1) a single PPM or NPM of length l 1 ,
2) a system of PPM and NPM of lengths l 1 and l 2 , respectively,
and 3) a system of PPM of length l 1 , NPM of length l 2 and PPM of length l 3 ,
On substituting from Eqs. (7)-(9) into Eq. (3) one obtains the analytic formulas for the components of the cross-spectral density matrix in the system of interest.
From the components of the cross-spectral density matrix the spectral density S, the spectral degree of coherence , and the spectral degree of polarization P are calculated respectively by the expressions [14] S͑r,͒ = TrW͑r,r,͒, ͑10͒ . However, on the boundary between PPM and NPM they change direction, in a similar fashion as the intensity of a monochromatic Gaussian beam does [7] ; the boundary acts as a focusing mechanism, similar to a lens. Of interest is also the other turning point occurring for all the considered statistical properties: in curves (d) at z =1 m. At this propagation distance the beam becomes essentially the same as in the source plane z = 0, i.e., reconstructs, and the same evolution takes place in the interval z ͓1m ,2m͔ as in z ͓0m ,1m͔.
Thus for the first time the propagation of stochastic electromagnetic beams in systems with layers of PPM and NPM was reported, and it was demonstrated the three main statistical properties of such beams evolve. In particular, we have found that the interface between the two media, effectively acting as a lens, focuses the beam, while the focusing strength depends on its source parameters and the order of the materials used. Such a focusing/defocusing mechanism consequently modifies the spectral density, coherence, and polarization states of the beam. Practical applications of our findings are in the efficient control of stochastic electromagnetic beams on propagation and generation of their replicas. For instance, by analyzing Figs. 1(c) , 2(c), and 3(c) we see that it is possible to reconstruct the source values of the spectral density, the degree of coherence, and the degree of polarization by passing a beam through two alternating layers, PPM and NPM, of equal widths. It is also demonstrated [compare maximum values in Figs. 1(c) , 2(c), and 3(c) with 1(d), 2(d), and 3(d), respectively] that increasing the number of alternating PPM and NPM layers in the system confined to the same propagation distance, i.e., making each layer thinner, will lead to changes in the properties of a beam in narrower ranges.
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